Mechanisms involved in delta-aminolevulinic acid (ALA)-induced photosensitivity of tumor cells: relation of ferrochelatase and uptake of ALA to the accumulation of protoporphyrin.
Photodynamic therapy (PDT) using delta-aminolevulinic acid (ALA)-induced accumulation of protoporphyrin IX is a useful approach to the early detection and treatment of cancers. To investigate the role of ferrochelatase in the accumulation of protoporphyrin, we first made mouse fibroblast Balb/3T3 cells highly expressing ferrochelatase and examined the ALA-induced photo-damage as well as the accumulation of porphyrin in the cells. When the ferrochelatase-transfected cells were treated with ALA and then exposed to visible light, they became resistant to the light without accumulating porphyrins, with a concomitant increase in the formation of heme. The accumulation of protoporphyrin was also abolished in human erythroleukemia K562 cells stably expressing mouse ferrochelatase. When mouse fibrosarcoma MethA cells, mouse fibroblast L929 cells and Balb/3T3 cells were treated with ALA, the greatest accumulation of protoporphyrin and the greatest level of cell death in response to the light were observed in MethA cells. The expression level of ferrochelatase was the lowest in MethA cells, while that of porphobilinogen deaminase was similar among all three cell lines. Moreover, an iron-chelator, desferrioxamine, which sequesters iron preventing the ferrochelatase reaction, enhanced the photo-damage as well as the accumulation of protoporphyrin in ALA-treated L929 cells. Thus, the light-induced cell death was tightly coupled with the accumulation of protoporphyrin caused by a decrease in ferrochelatase. Finally, we examined the uptake of ALA by MethA, L929 and Balb/3T3 cells. The extent of the uptake by MethA and L929 cells was greater, indicating a greater accumulation of protoporphyrin than in the Balb/3T3 cells. Taken together, not only the low level of ferrochelatase but also the augmented uptake of ALA contributes to the ALA-induced accumulation of protoporphyrin IX and subsequent photo-damage in cancer cells.